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Abstract  
Studies have found seasonal variation in the prevalence and severity of depression, but these 
findings seem inconsistent. We aimed to clarify these effects through meta-analyses, and 
considered age, gender, and latitude as moderators. 
We performed a literature search and meta-analyses, comparing seasonal effects on 
depression prevalence and severity amongst 37 studies. Cohen’s d was calculated for 176 
severity comparisons, and Odds Ratio for 83 prevalence comparisons. We calculated 
correlation coefficients to analyse the moderator effects, and performed tests of publication 
bias and sensitivity analyses. 
The results show that depression severity is highest in winter, compared to most other 
seasons. We found no significant effect when comparing winter to spring (d = -0.178, p = 
0.384), but found severity to be highest in spring as compared to autumn and summer. 
Seasonal effects in severity correlated with gender (percentage of females in a study) in most 
seasonal comparisons (p < .05). The results show that depression prevalence is highest in 
winter, compared to summer and spring. For prevalence, we found moderating effects of 
gender, age, and latitude, but only in certain seasonal comparisons. 
Overall, the results suggest that depression prevalence and severity are highest in 
winter. However, severity rates were high in spring, too. Severity is affected by seasonal 
variation more so for females than males, but a reverse effect is found for prevalence. 
Moderating effects of gender, age, and latitude are still somewhat unclear. Further research 
should investigate these effects, and should aim to explain the high severity rates in spring. 
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1. Introduction 
Seasonality is described as the influence that seasonal variation has on various factors, for 
example sleep pattern or food preference (Kasper et al., 1989). There also seems to be 
seasonal variation in affective disorders. This phenomenon has been described since the fourth 
century A.D. (Maes et al., 1993).  
Seasonality of affective disorders is most commonly known in the form of winter 
depression, also known as winter type Seasonal Affective Disorder (SAD). Patients with 
winter type SAD meet the criteria for recurrent major depressive disorder or bipolar disorder 
and experience seasonal variation in symptom onset, intensity and remission, with the 
symptoms being worst in winter (American Psychiatric Association (APA), 2013). Several 
studies have found evidence for a similar seasonal effect in depressive symptoms without it 
being confined to SAD. Studies have found seasonal effects on the prevalence (Suhail & 
Cochrane, 1998; Morken et al., 2002) as well as severity of depressive symptoms not 
restricted to SAD cases (Maes et al., 1993; Murase et al., 1995). Researchers found a seasonal 
effect on the severity of depressive symptoms in patients with diagnosed depressive disorder 
(Maes et al., 1993) as well as in the healthy, non-patient population (Murase et al., 1995; 
Kasper et al., 1989). However, because different studies have found different results, it is 
unclear whether this effect truly exists outside solely SAD cases, and, if it does, what this 
effect specifically entails. 
To our knowledge, there has not been a clear overview of seasonal variation in 
depression and depressive symptoms in the overall population including non-SAD cases and 
the non-patient population. We find it important to gain clarity on this subject, because the 
existence of an overall seasonal effect on depression might explain the origin and intensity of 
these symptoms and thus help prevent and/or treat them. 
To be complete, we also considered possible moderating effects. Several studies have 
found that gender and/or age may influence the effect of seasonal variation in depression. For 
example, Suhail and Cochrane (1998) found a depression prevalence peak in winter, but only 
among women, not men. Another study (Morken, Lilleeng & Linaker, 2002) found that 
hospital admission for depression varied with age, with higher numbers in younger women. 
These findings suggest a possible moderating effect of age as well as gender, which we will 
therefore take into account. A recent study (Ferrari et al., 2013) analysed the burden of 
depressive disorders in Global Burden of Disease in 2010. Their study showed that the 
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amount of years lived with a major depressive disorder or dysthymia, varies by country 
throughout the world. Thus, as a third possible moderator of depression seasonality, we took 
into account the possible effect of latitude. 
We aimed to attain a clear overview and description of seasonal variation in 
depression and include possible moderating effects of age, gender, and latitude through 
systematic review and meta-analyses. We hypothesized that severity of depression would be 
significantly higher in winter as compared to the rest of the year (autumn, summer, and spring 
combined), as well as those three seasons individually. We expected to find the highest 
severity rates in winter, followed by, consecutively, autumn and winter combined, autumn, 
spring, summer and spring combined, and summer. We hypothesized that prevalence of 
depression is highest in winter, followed by autumn and spring, and is lowest in summer. 
 
2. Methods 
2.1 Research design 
The formulated problem that primarily concerned us entails the effects of seasonal variations 
in prevalence and severity of depression and depressive symptoms, considering age, gender 
and latitude as possible moderators. To address this problem, we performed a meta-analysis 
according to the model described by Cooper and Hedges (2009), following the stages of 
problem formulation, literature search, data evaluation, data analysis, and the interpretation of 
the results. 
 
2.2 Procedure 
To collect relevant scientific articles, we performed a literature search in PubMed, a database 
by the National Center for Biotechnology Information (NCBI), using the following search 
query: ((depressive disorder OR mdd OR mood OR affect OR affective disorder 
[Title/Abstract]) AND (season* [Title/Abstract])). Also, the filter ‘Humans’ was activated. 
This resulted in a total of 2722 hits, on 14 November 2013. Aiming to include the scientific 
articles that addressed (part of) our problem, we included all studies that (1) measured 
prevalence and/or severity of depression and/or depressive symptoms or negative mood, and 
did not exclusively address SAD cases; 2) provided at least the season or seasons in which the 
measurement was completed; and 3) reported data on humans. In case an article seemed to 
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meet the criteria but did not report all required data, we contacted the researchers by e-mail, 
asking them to send the data to us. In case we were unable to retrieve the required data, the 
article was excluded. This selection process left us with 51 articles. Additionally, we 
examined the reference sections of the selected articles, searching for articles that also 
addressed our problem but had not emerged from the first search. Through this, we gained six 
articles. We also performed a backward search, in which we screened all papers that referred 
to the first published selected article (Näyhä, 1986). This, however, did not result in any 
additions to our list of articles. Finally, twenty more articles were excluded because the 
necessary data could not be retrieved from the article, appendices or through contact with the 
authors, thus resulting in a total of 37 articles that were used for the meta-analyses concerning 
depression severity and/or depression prevalence. A flow chart of the search strategy and 
results are shown in Figure 1. 
From all the relevant collected literature, data were extracted about the seasons of 
measurement, number of cases, gender distribution, mean age, country in which data was 
retrieved, mean scores and standard deviation, and prevalence rates. The moderating variable 
‘latitude’ was defined as the centroid latitude of the country in which data was retrieved 
(Portland State College, n.d.). The seasons were defined according to the equinoxes and 
solstices: 21 December through 21 March is winter, 22 March through 20 June is spring, 21 
June through 20 September is summer, and 21 September through 20 December is autumn. 
Because mostly months of measurement were provided, we defined winter as January, 
February and March, spring as April, May and June, summer as July, August and September, 
and autumn as October, November and December. 
 
2.3 Statistical analyses 
2.3.1 Meta-analyses 
From the different depression severity data found in the literature, effect size was calculated 
for each comparison between seasons and/or combined seasons (autumn-winter, summer-
spring, and autumn, summer and spring combined). We calculated these between-group 
differences, expressed in pooled Cohen’s d (Cohen, 1988) measures, applying random effects 
models. The statistical significance of this outcome measure was assessed by using a two-
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tailed t-test with a Confidence Interval (CI) of 95%. For these analyses, we used 
Comprehensive Meta-Analysis (CMA) software (version 2.2.064; Biostat, Inc., 2006).  
As for the effect of seasonal variance on the prevalence of depression and depressive 
symptoms, we calculated the strength of association between season and depression 
prevalence in Odds Ratio (OR) measures, using a CI of 95%. This was also done with CMA 
software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow chart of search strategy and results 
 
2.3.2 Moderator effects 
Variables that were considered potential moderators of the outcome measures, for depression 
severity as well as depression prevalence, were mean age, gender distribution, and latitude. 
The possible moderating effects of these between-study differences on the outcome measures 
were evaluated by calculating Pearson’s r correlation coefficients for each possible moderator 
 
PubMed search using the filter ‘Humans’ and the search query: 
((depressive disorder OR mdd OR mood OR affect OR affective 
disorder [Title/Abstract]) AND (season* [Title/Abstract])) 
 
 
Result: 2722 articles 
2654 articles that did not meet our inclusion criteria were excluded 
Result: 68 articles 
17 articles of which no full text was available were excluded 
 
 
Result: 51 articles 
6 articles were gained through the inspection of previously found 
articles’ reference sections. No articles were gained through the 
backward search that was performed. Result: 57 articles 
20 articles that did not provide necessary data were excluded 
Result: 37 articles 
8 
 
and the correspondent outcome variable, using the SPSS Statistics software (version 21.0; 
IBM Corp., 2013). 
 
2.3.3 Publication bias and sensitivity analyses 
In order to assess the consistency of our results, the amount of between-study heterogeneity, 
the I2 measure, was calculated. The heterogeneity was considered low if <25%, moderate if 
25-75% and high if >75% (Higgins & Thompson, 2002). With the Q-statistic (Borenstein, 
Hedges and Higgins, 2009), the statistical significance of this heterogeneity was measured. 
Publication bias was assessed through inspection of funnel plots and quantified by performing 
Egger’s linear regression test (Egger et al., 1997). We performed sensitivity analyses to 
evaluate the stability of our results, repeating all analyses while excluding each individual 
study at a time. These analyses were performed with CMA software. 
 
3. Results 
3.1 Samples description 
To analyse the effect of seasonality on depression severity, we calculated between-group 
differences for 176 comparisons, of which the data was derived from 21 different studies. 
Amongst these comparisons, the number of subjects ranged from N = 34 to N = 30,276 (mean 
= 3.032, SD = 6.070). In 106 out of 160 comparisons (66.25%), the majority of the subjects 
were female. For 16 comparisons, the distribution of gender was unknown (Maes et al., 1993). 
The mean age differed from 12 to 85 years (mean = 46.12, SD = 19.98).  Out of the total of 
176 comparisons, 126 (71.59%) included data on healthy subjects only. The remaining 50 
comparisons included subjects with a depressive disorder, chronic pain illness, rheumatic 
disease, multiple sclerosis, and renal disease. A summary of the characteristics of the studies 
included in this meta-analysis is shown in Appendix 1.1. 
 For the analysis of the seasonal effect in depression prevalence, we calculated OR for 
83 comparisons, of which the data was derived from 22 different studies. The number of 
subjects ranged from N = 28 to N = 19,444 (mean = 4.387, SD = 6.529). In 68 out of 77 
comparisons (88.31%), the majority of subjects were female. The distribution of gender was 
unknown for six comparisons (Blacker, Thomas & Thompson, 1997). The mean age differed 
from 24 to 68.7 years (mean = 36.52, SD = 10.63). For 39 comparisons, the mean age of the 
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subjects was unknown. Out of the total of 83 comparisons, 58 (69.88%) included only healthy 
subjects. The remaining 25 comparisons included subjects with a depressive disorder, anxiety 
disorder, psychotic disorder, drug or alcohol use disorder, and multiple sclerosis. Appendix 
1.2 shows a summary of characteristics for all studies included in this meta-analysis. 
 
3.2 Meta-analyses 
3.2.1 Depression severity 
The results of the meta-analysis concerning the effect of season on depression severity 
showed that severity levels were higher in winter compared to autumn (d = 0.988, SE = 0.241, 
95%CI = 0.515 – 1.460, p < .001), higher in winter compared to summer (d = 0.624, SE = 
0.135, 95%CI = 0.360 – 0.889, p < .001), and higher in winter compared to the rest of the 
seasons together (d = 0.870, SE = 0.369, 95%CI = 0.147 – 1.593, p < .05). The results also 
showed that depression severity was higher in spring compared to summer (d = 0.702, SE = 
0.272, 95%CI = 0.169 – 1.235, p < .05), higher in spring compared to summer and spring 
combined (d = 0.759, SE = 0.348, 95%CI = .076 – 1.441, p < .05), higher in summer and 
spring combined compared to summer (d = 0.475, SE = 0.182, 95%CI = 0.118 – 0.832, p < 
.05), and higher in autumn and winter combined compared to autumn (d = 0.385, SE = 0.151, 
95% CI = .090 – 0.680, p < .05). Severity levels were lower in autumn compared to spring (d 
= -0.974, SE = 0.351, 95%CI = -1.663 – -0.285, p < .05) and lower in autumn compared to 
summer and spring combined (d = -1.009, SE = 0.290, 95%CI = -1.577 – -0.441, p < .001). 
For all other comparisons of severity, the results showed no significant effect (see Table 1). 
We found substantial heterogeneity across the studies for each comparison in 
depression severity (p < .001). The corresponding statistics for all comparisons concerning 
depression severity are provided in Table 2. 
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Table 1 
 
Pooled Cohen’s d for depression severity, comparing the first season or combination of 
seasons to the second 
 
Comparison Cohen’s d SE 
95% CI lower and 
upper limit p-value 
Number 
of studies 
Number of 
subjects 
       
Winter > autumn 0.988 0.241 0.515 – 1.460 < .001 11 24,292 
Winter > summer 0.624 0.135 0.360 – 0.889 < .001 17 26,247 
Winter > spring -0.178 0.204 -0.578 – 0.223 0.384 10 23,756 
Winter > autumn-winter 0.373 0.269 -0.155 – 0.900 0.166 11 36,526 
Winter > summer-spring 0.008 0.181 -0.346 – 0.362 0.965 10 35,575 
Autumn > summer -0.225 0.156 -0.530 – 0.081 0.149 10 23,801 
Autumn > spring -0.974 0.351 -1.663 – -0.285 0.006 10 23,580 
Autumn > summer-spring -1.009 0.290 -1.577 – -0.441 0.006 10 35,399 
Spring > summer 0.702 0.272 0.169 – 1.235 0.010 11 23,896 
Spring > summer-spring 0.759 0.348 0.076 – 1.441 0.029 11 35,724 
Autumn-winter > autumn 0.385 0.151 0.090 – 0.680 0.011 11 36,350 
Autumn-winter > spring -0.784 0.627 -2.013 – 0.445 0.211 10 35,738 
Autumn-winter > summer 0.155 0.175 -0.188 – 0.498 0.376 10 35,959 
Autumn-winter > summer-
spring 
-0.488 0.261 -1.000 – 0.023 0.061 12 52,075 
Summer-spring > summer 0.475 0.182 0.118 – 0.832 0.009 11 35,926 
Winter > rest 0.870 0.369 0.147 – 1.593 0.018 11 50,489 
 
Note. The term “rest” is used to describe a combination of the seasons summer, spring, and autumn. 
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3.2.2 Depression prevalence 
For the meta-analysis concerning the effect of season on the prevalence of depression, the 
results showed that prevalence rates were significantly higher in winter compared to summer 
(OR = 1.165, 95%CI = 1.019 – 1.333, p < .05), and higher in winter compared to spring (OR 
= 1.092, 95%CI = 1.035 – 1.152, p < .05). The results showed no significant effect for all 
other comparisons of depression prevalence (see Table 3). 
We found heterogeneity across the studies for the comparisons of winter to spring (p < 
.001), winter to summer (p < .001), autumn to spring (p < .001), autumn to summer (p < .05), 
and spring to summer (p < .001). We did not find substantial heterogeneity for the comparison 
Table 2 
 
Results of heterogeneity test for depression severity 
 
Comparison Q-value df (Q) p-value I-squared 
     
Winter > autumn 1975.434 10 <.001 99.494 
Winter > summer 1000.495 16 <.001 98.401 
Winter > spring 1091.048 9 <.001 99.175 
Winter > autumn-winter 3235.190 10 <.001 99.691 
Winter > summer-spring 1179.855 9 <.001 99.237 
Autumn > summer 607.784 9 <.001 98.519 
Autumn > spring 3073.805 9 <.001 99.707 
Autumn > summer-spring 2901.581 9 <.001 99.690 
Spring > summer 2150.122 10 <.001 99.535 
Spring > summer-spring 4811.367 10 <.001 99.792 
Autumn-winter > autumn 966.484 10 <.001 98.965 
Autumn-winter > spring 12464.361 9 <.001 99.928 
Autumn-winter > summer 1061.496 9 <.001 99.152 
Autumn-winter > summer-spring 5398.288 11 <.001 99.796 
Summer-spring > summer 1387.814 10 <.001 99.279 
Winter > rest 7908.912 10 <.001 99.874 
 
Note. The term “rest” is used to describe a combination of the seasons summer, spring, and autumn. 
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of winter to spring.  The corresponding statistics for all comparisons concerning depression 
prevalence are provided in Table 4. 
 
Table 3 
 
Odds ratio of depression prevalence, comparing the first season to the second 
 
Comparison OR 
95% CI lower 
and upper limit p-value 
Number of 
studies 
Number of 
subjects 
      
Winter > autumn 0.973 0.871 – 1.008 0.630 15 148,965 
Winter > summer 1.165 1.019 – 1.333 0.026 15 128,582 
Winter > spring 1.092 1.035 – 1.152 0.001 13 129,462 
Autumn > spring 1.079 0.959 – 1.214 0.204 13 129,525 
Autumn > summer 1.050 0.973 – 1.133 0.210 12 128,645 
Spring > summer 1.038 0.916 – 1.176 0.559 14 109,142 
 
 
Table 4 
 
Results of heterogeneity test for depression prevalence 
 
Comparison Q-value df (Q) p-value I-squared 
     
Winter > autumn 96.006 14.000 0.000 85.418 
Winter > summer 109.327 14.000 0.000 87.194 
Winter > spring 16.723 12.000 0.160 28.244 
Autumn > spring 70.168 12.000 0.000 82.898 
Autumn > summer 26.994 11.000 0.005 59.251 
Spring > summer 81.168 13.000 0.000 83.984 
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3.3 Moderator effects 
We evaluated the potential moderating effects of gender, age, and latitude on the seasonality 
of depression prevalence and severity. This was done separately for all studies in the severity 
meta-analysis and prevalence meta-analysis. Moderating effects were measured with 
Pearson’s r correlation coefficient.  
 
3.3.1 Moderators of depression severity 
The results showed significant positive correlation (p < .05) between seasonality in depression 
severity (Cohen’s d) and percentage female subjects in the comparisons winter versus 
summer, autumn versus summer, autumn versus spring, autumn versus summer-spring, and in 
autumn-winter versus summer-spring, illustrated in Figure 2.1 through 2.3. A complete 
overview of the correlation coefficients and their significance values per comparison, for 
depression severity, is provided in Appendix 4. 
 
 
 
 
Figure 2.1. Pearson correlation between depression severity (Cohen’s d) and percentage of 
female subjects in a study, for each comparison (k = number of studies, N = number of 
subjects). * = p<.05 
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Winter > spring (k = 9, N = 23,703) Winter > autumn-winter (k = 10, N = 36,426)
Winter > summer-spring (k = 9, N = 35,511) Autumn > summer (k = 9, N = 23,750)*
Autumn > spring (k = 9, N = 23,517)* Autumn > summer-spring (k = 9, N = 35,325)*
Spring > summer (k = 10, N = 23,862) Spring > summer-spring (k = 10, N = 35,667)
Autumn-winter > autumn (k = 10, N = 36,240) Autumn-winter > spring (k = 9, N = 35,645)
Autumn-winter > summer (k = 9, N = 35,878) Autumn-winter > summer-spring (k = 11, N = 51,971)*
Summer-spring > summer (k = 10, N = 35,881) Winter > rest (k = 10, N = 50,385)
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Figure 2.2. Pearson correlation between depression severity (Cohen’s d) and mean age of 
subjects in a study, for each comparison (k = number of studies, N = number of subjects).  
 
 
Figure 2.3. Pearson correlation between depression severity (Cohen’s d) and latitude of 
where study data were gathered, for each comparison (k = number of studies, N = number 
of subjects). 
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3.3.2 Moderators of depression prevalence 
For the measures of depression prevalence (OR), the results showed significant measures of 
correlation (Pearson’s r) for the moderators gender, mean age, and latitude. Gender 
(percentage of females in a study) correlated negatively with depression prevalence in the 
comparisons winter versus summer (r = -0.693, p < .05), and spring versus summer (r = -
0.680, p < .05). The results showed significant correlation between mean age and prevalence 
in the comparison winter versus autumn (r = 0.788, p < .05). There were significant 
correlation measures between latitude and prevalence in the comparisons winter versus 
autumn (r = -0.720, p < .05), and winter versus spring (r = 0.645, p < .05). These data are 
illustrated in Figure 3.1 through 3.3. Appendix 5 provides a complete overview of the 
correlation coefficients and their significance values per comparison for depression 
prevalence. 
 
 
 
 
Figure 3.1.  Pearson correlation between depression prevalence (OR) and percentage of 
female subjects in a study, for each comparison (k = number of studies). * = p < .05 
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Figure 3.2.  Pearson correlation between depression prevalence (OR) and mean age of 
subjects in a study, for each comparison (k = number of studies). * = p < .05 
 
 
Figure 3.2.   Pearson correlation between depression prevalence (OR) and latitude of 
where study data were gathered, for each comparison (k = number of studies). * = p < .05 
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3.4 Publication bias and sensitivity analyses 
Egger’s linear regression test showed no significant effects for any of the performed 
comparisons, suggesting that there was no publication bias. Thus, we can assume that the 
published studies that were included in this meta-analysis are representative of the true 
numbers. The performed sensitivity analyses on the depression severity comparisons showed 
that in 11 out of 16 comparisons, the statistical significance of the effect would be different if 
one study was to be excluded. In five of these comparisons, the effect would change from 
statistically non-significant to significant when excluding one study. In six of the 
comparisons, a reversed effect was found. Table 5 provides an overview of the comparisons in 
which the exclusion of one study changed the statistical significance of the comparison. A 
complete overview of the data from the sensitivity analyses is provided in Appendix 6. These 
results suggest that the results of the depression severity analyses are not optimally stable. 
Inspection of the characteristics of the excluded studies did not reveal a possible explanation 
for this effect. 
 
  
18 
 
Table 5 
 
Statistical significance (p-value) of the measured effect concerning depression severity 
when comparing the first season or combination of seasons to the second, and the 
significance of this effect when one study is excluded 
 
Comparison 
Original 
p-value Excluded study 
p-value when 
study was 
excluded 
    
Winter > autumn-winter 0.166 Michalak et al., 2004 0.004 
Winter > summer-spring 0.965 Bell & Garthwaite, 1987 0.016 
Autumn > summer 0.150 Palinkas & Houseal, 2000 0.041 
Autumn > spring 0.006 Maes et al., 1993 0.059 
Autumn > summer-spring <.001 Bell & Garthwaite, 1987 0.099 
Spring > summer 0.010 Hawley & Wolfe, 1994 0.061 
Spring > summer-spring 0.029 Palinkas & Houseal, 2000 0.064 
Spring > summer-spring 0.029 Hardt & Gerbershagen, 1999 0.070 
Spring > Summer-spring 0.029 Maes et al., 1993 0.162 
Autumn-winter > autumn 0.011 De Craen et al., 2005 0.052 
Autumn-winter > summer 0.376 Bell & Garthwaite, 1987 0.004 
Autumn-winter > summer 0.376 Näyhä, 1986 0.006 
Autumn-winter > summer-spring 0.061 De Craen et al., 2005 0.035 
Autumn-winter > summer-spring 0.061 Palinkas & Houseal, 2000 0.005 
Autumn-winter > summer-spring 0.061 Hardt & Gerbershagen, 1999 0.022 
Autumn-winter > summer-spring 0.061 Suhail & Cochrane, 1997 0.003 
Autumn-winter > summer-spring 0.061 Harris & Dawson-Hughes, 1993 0.045 
Winter > rest 0.018 De Craen et al., 2005 0.095 
Winter > rest 0.018 Palinkas & Houseal, 2000 0.076 
Winter > rest 0.018 Suhail & Cochrane, 1997 0.054 
Winter > rest 0.018 Hawley & Wolfe, 1994 0.092 
 
Note. The term “rest” is used to describe a combination of the seasons summer, spring, and autumn. 
 
 
4. Discussion 
With this meta-analysis, we aimed to analyse and describe seasonal variation in the severity 
and the prevalence of depression and depressive symptoms. We hypothesized that severity as 
well as prevalence of depression would be higher in winter compared to summer, to spring, to 
autumn, and to summer, spring and autumn combined, and that it would be lowest in summer. 
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4.1 Summary of our findings 
The results of the meta-analysis showed that depression severity was higher in winter as 
compared to autumn, to summer and to summer/spring/autumn combined, thus supporting our 
hypothesis. However, there was no significant effect when comparing winter to spring. Also, 
contradictory to what we had expected, the results showed that severity of depression was 
lower in autumn as compared to spring, as well as compared to summer and spring combined. 
The results of the meta-analysis concerning depression prevalence showed that 
prevalence was higher in winter as compared to summer, as well as compared to spring. There 
was no significant difference in prevalence when comparing autumn to either of the other 
seasons, nor was there a significant effect when comparing spring to summer. It seems that 
depressive symptoms are more severe and more prevalent in winter as compared to summer. 
Comparing winter to spring, depressive symptoms seem to be more prevalent in winter, but 
severity seems to be equally high in winter as it is in spring.  
Concerning moderator effects, seasonal effects on depression severity do not seem to 
be affected by age or latitude. The results did show a significant positive correlation between 
gender and seasonality of depression severity, in five out of 16 comparisons. This suggests 
that, for some season comparisons, seasonal effects on depression severity seem to be stronger 
for females than it is for males. Seasonal effects on the prevalence of depression seem to be 
affected by mean age, but only when comparing winter to autumn. The effect of seasonal 
variation on depression prevalence seems to be stronger in individuals who are older, and 
weaker in younger individuals, but only when comparing winter to autumn. Seasonality of 
depression prevalence also seems affected by gender. The results showed a negative 
correlation between the percentage of females in a study and the effect size. This suggests that 
the effect of seasonal variation on depression prevalence is less strong in females than it is in 
males. Concerning latitude, the results showed a significant correlation with the effect of 
seasons on depression prevalence, but only when comparing winter to autumn and winter to 
spring. This would mean that, in winter, compared to autumn and spring, the difference in 
depression prevalence rates increases with larger distance from the equator. The moderating 
effect of latitude on depression prevalence seems to be equally high in winter as it is in 
summer. 
In summary, the results suggest that winter is, as we hypothesized, the season in which 
depression and depressive symptoms are both most prevalent and most severe. Further to this, 
20 
 
severity was found to be remarkably high in spring as well. Additionally, the results suggest 
that depression severity is influenced by seasonality more so for females than it is for males, 
but the reverse is found when it comes to depression prevalence. With regard to the 
prevalence of depression, seasonal effects seem to increase when the distance from the 
equator increases, although we did not find this when comparing winter to summer. Finally, 
age affects seasonal effects on depression prevalence as well, but only when comparing winter 
to autumn. 
 
4.2 Possible explanations for our findings 
Attempting to better understand the findings of our study, I will speculate about possible 
explanations for them in the following section. We found depression severity, but not 
prevalence, to be higher in spring compared to autumn and summer, but equally high as in 
winter. A possible explanation for this might be that a severe depression that is prevalent in 
winter, will last all through spring, but a less severe depression will end sooner, thus lowering 
the prevalence rates but not the severity rates in spring.  
Concerning moderator effects, we found that depression severity is affected by 
seasonal variation more so among women than among men, but prevalence is affected more 
so among men than among women. This means that, in women, although the severity of 
depression is influenced by seasonal changes, the depression prevalence is not, thus a 
depression might already have been prevalent. This means that these women are already 
monitored and a change in severity will very likely be noticed by health caregivers. However, 
depression prevalence is influenced by seasonal variation amongst men, which means that 
men who aren’t depressed in one season, can unexpectedly suffer from depression when the 
season changes. Chances are that the focus of health care givers will not be on this seasonal 
change. To prevent a season influenced change in depression prevalence amongst men from 
going unnoticed, further research should investigate this phenomenon. Knowing more about 
the causes of this finding will help us anticipate what sort of health care is needed, when it is 
needed, and who needs it. 
Depression prevalence seems to be affected by seasonal variation more so in older 
individuals than in those who are younger, but only when comparing winter to autumn. An 
explanation for this effect might be that older individuals tend to experience more health 
complaints in winter than in other seasons (Rudge & Gilchrist, 2005), which may contribute 
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to increased depression prevalence in winter. However, this does not explain why there seems 
to be no such effect in the comparison of winter to summer or spring. 
When latitude increases, the seasonal variation in depression prevalence seems to be 
greater in comparing winter to spring, but smaller in comparing winter to autumn. The 
moderating effect of latitude on depression prevalence seems to be equally high in comparing 
winter to summer. An explanation for this might be that although winter differs from summer 
on all latitudes, it differs from autumn and spring less. Thus, close to the equator, the 
difference between winter and autumn, and winter and spring, is too small to cause an 
increased effect of seasonal variation on depression prevalence. On greater latitudes, however, 
the difference between winter and autumn, and winter and spring, is large enough for there to 
be an increased effect of seasonal variation on depression. This could explain why there is a 
greater difference in seasonal variation in depression prevalence on greater latitudes. 
Overall, the results show that the differences in depression prevalence and severity 
rates have something to do with seasonal changes. However, on what level do these changes 
affect prevalence and severity rates? All differences in depression prevalence and severity that 
are influenced by seasons, are probably something to do with certain aspects of seasonal 
changes. Daylight exposure, diet, and circadian rhythm are factors that are commonly thought 
to change with the seasons. Possibly, these factors caused the differences in depression rates, 
or perhaps the effect was caused on a deeper level. For example, daylight exposure influences 
serotonin levels, which may, in turn, influence depression prevalence and severity.  
 
4.3 Limitations and future research 
Our meta-analyses included a variety of subjects with different patient statuses, different age 
groups, females as well as males, and included studies from various places around the world. 
This allowed for us to analyse data from a broad sample of people, aiding us in answering our 
research question. However, our study had some limitations. The data from studies that were 
used in the meta-analyses were collected in different placed around the world, but the 
distribution of those places was limited. Not all regions were covered, thus limiting our 
diversity of data collection and limiting our ability to measure the moderating effect of 
latitude. Also, ideally, we would have excluded all SAD-cases, but this was not possible, 
because it was not clear for all studies whether they included data from people with SAD. 
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Future research should include samples from a broader variety of latitudes and should 
use data from which SAD-cases are excluded. Additionally, future research should focus on 
clarifying whether the prevalence of depression and depressive symptoms in spring is related 
to the severity of depression and depressive symptoms in winter. It should be studied whether 
the depression found in spring is a residual of depression found in winter, or whether these are 
entirely new cases. As described in the previous paragraph, future research should aim to 
clarify the moderating effect of gender on seasonal variation in depression prevalence and 
severity. Also, the unevenness of the results concerning depression severity and the moderator 
variables age and latitude should be analysed and a possible explanation for this effect should 
be investigated. In addition, since our results concerning the moderating effects of latitude and 
age seem inconclusive, further research should investigate the effects of these moderators on 
the seasonal variation of depression prevalence and severity. Finally, future research should 
investigate on which level seasonal changes affect depression prevalence and severity. 
Depression might be affected by a sheer seasonal rhythm, but it is likely that the effect is a 
result of deeper lying seasonal changes, such as daylight exposure, diet, and circadian rhythm. 
Gaining clarity on these subjects will enable us to draw a generalized conclusion about 
the effects of seasonal variation on depression prevalence and severity. This will enable us to 
predict the prevalence and severity of depression and depressive symptoms in the general 
population, not limited to a patient group, and thus enable us to recognize and treat these 
symptoms, preventing them from evolving into a more serious depressive disorder. 
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Appendices 
1. Summary of characteristics 
1.1. Depression severity comparisons 
1.1.1. Studies that compared what? Geef dat hier in de beschrijving vd table winter to 
autumn 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 681 63 85.00 Netherlands healthy 
Michalak et al. 2004 4779 52.8 unknown unknown healthy 
Magnusson et al. 2000 1118 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 105 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 1700 60.88 48.86 Germany 
chronic 
pain 
Low & Feissner 1998 152 64 unknown USA healthy 
Suhail & Cochrane 1997 158 100 27.22 UK healthy 
Hawley & Wolfe 1994 15138 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 70 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 61 0 28.60 Antarctica healthy 
Näyhä 1986 413 0 unknown unknown healthy 
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1.1.2. Studies that compared winter to summer 
Author Year N % female Mean age Country 
Patient 
status 
Wood et al. 2013 155 68.7 48.20 Australia 
multiple 
sclerosis 
Afsar & Kirkpantur 2013 132 36.4 49.70 unknown 
renal 
disease 
Friborg et al. 2012 728 60.3 23.50 unknown healthy 
Park, Kripke & 
Cole 
2007 60 57.9 38.90 USA healthy 
Park, Kripke & 
Cole 
2007 48 57.9 38.90 USA healthy 
de Craen et al 2005 701 63 85.00 Netherlands healthy 
Michalak et al. 2004 4157 52.8 unknown unknown healthy 
Magnusson et al. 2000 1101 62.3 unknown Iceland healthy 
Palinkas & Houseal 2000 279 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 1923 60.9 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 158 100 27.22 UK healthy 
Palinkas, Cravalho 
& Browner 
1995 238 16 30.00 Antarctica healthy 
Hawley & Wolfe 1994 15138 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 41 unknown unknown Belgium 
depressive 
disorder 
Haggag et al. 1990 909 51.6 42.95 Norway healthy 
Bell & Garthwaite 1987 65 0 28.60 Antarctica healthy 
Näyhä 1986 423 0 unknown unknown healthy 
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1.1.3. Studies that compared winter to spring 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 789 63 85.00 Netherlands healthy 
Michalak et al. 2004 4145 52.8 unknown unknown healthy 
Magnusson et al. 2000 1109 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 334 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 1797 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 158 100 27.22 UK healthy 
Hawley & Wolfe 1994 15138 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 53 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 65 0 28.60 Antarctica healthy 
Näyhä 1986 276 0 unknown unknown healthy 
 
 
1.1.4. Studies that compared winter to autumn-winter 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 1070 63 85.00 Netherlands healthy 
Michalak et al. 2004 7153 52.8 unknown unknown healthy 
Magnusson et al. 2000 1651 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 185 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2719 60.88 48.86 Germany 
chronic 
pain 
Low & Feissner 1998 228 64 unknown USA healthy 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 100 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 90 0 28.60 Antarctica healthy 
Näyhä 1986 566 0 unknown unknown healthy 
 
  
31 
 
1.1.5. Studies that compared winter to summer-spring 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 1101 63 85.00 Netherlands healthy 
Michalak et al. 2004 5928 52.8 unknown unknown healthy 
Magnusson et al. 2000 1677 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 533 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2701 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 64 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 101 0 28.60 Antarctica healthy 
Näyhä 1986 546 0 unknown unknown healthy 
 
 
1.1.6. Studies that compared autumn to summer 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 604 63 85.00 Netherlands healthy 
Michalak et al. 2004 4188 52.8 unknown unknown healthy 
Magnusson et al. 2000 1153 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 224 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 1585 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 158 100 27.22 UK healthy 
Hawley & Wolfe 1994 15138 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 51 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 68 0 28.60 Antarctica healthy 
Näyhä 1986 530 0 unknown unknown healthy 
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1.1.7. Studies that compared autumn to spring 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 692 63 85.00 Netherlands healthy 
Michalak et al. 2004 4176 52.8 unknown unknown healthy 
Magnusson et al. 2000 1161 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 279 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 1459 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 158 100 27.22 UK healthy 
Hawley & Wolfe 1994 15138 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 63 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 68 0 28.60 Antarctica healthy 
Näyhä 1986 383 0 unknown unknown healthy 
 
 
1.1.8. Studies that compared autumn to summer-spring 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 1004 63 85.00 Netherlands healthy 
Michalak et al. 2004 5959 52.8 unknown unknown healthy 
Magnusson et al. 2000 1729 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 478 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2363 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 74 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 104 0 28.60 Antarctica healthy 
Näyhä 1986 653 0 unknown unknown healthy 
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1.1.9. Studies that compared spring vs. summer 
Author Year N 
% 
female 
Mean 
age 
Country 
Patient 
status 
Grzywacz et al. 2010 479 8.7 unknown unknown healthy 
de Craen et al. 2005 712 63 85.00 Netherlands healthy 
Michalak et al. 2004 3554 52.8 unknown unknown healthy 
Magnusson et al. 2000 1144 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 453 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 1682 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 158 100 27.22 UK healthy 
Hawley & Wolfe 1994 15138 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 34 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 72 0 28.60 Antarctica healthy 
Näyhä 1986 393 0 unknown unknown healthy 
 
 
1.1.10. Studies that compared spring vs. summer-spring 
Author Year N % female Mean age Country 
Patient 
status 
Grzywacz et al. 2010 1188 8.7 unknown unknown healthy 
de Craen et al. 2005 1112 63 85.00 Netherlands healthy 
Michalak et al. 2004 5325 52.8 unknown unknown healthy 
Magnusson et al. 2000 1720 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 707 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2460 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 57 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 108 0 28.60 Antarctica healthy 
Näyhä 1986 516 0 unknown unknown healthy 
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1.1.11. Studies that compared autumn-winter to autumn 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 973 63 85.00 Netherlands healthy 
Michalak et al. 2004 7184 52.8 unknown unknown healthy 
Magnusson et al. 2000 1703 62.325 unknown unknown healthy 
Palinkas & Houseal 2000 130 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2381 60.88 48.86 Germany 
chronic 
pain 
Low & Feissner 1998 228 64 unknown USA healthy 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 110 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 93 0 28.60 Antarctica healthy 
Näyhä 1986 673 0 unknown unknown healthy 
 
 
1.1.12. Studies that compared autumn-winter to spring 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 1081 63 85.00 Netherlands healthy 
Michalak et al. 2004 6550 52.8 unknown unknown healthy 
Magnusson et al. 2000 1694 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 359 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2478 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 93 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 97 0 28.60 Antarctica healthy 
Näyhä 1986 536 0 unknown unknown healthy 
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1.1.13. Studies that compared autumn-winter to summer 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 993 63 85.00 Netherlands healthy 
Michalak et al. 2004 6562 52.8 unknown unknown healthy 
Magnusson et al. 2000 1686 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 304 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2604 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 81 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 97 0 28.60 Antarctica healthy 
Näyhä 1986 683 0 unknown unknown healthy 
 
 
1.1.14. Studies that compared autumn-winter vs. summer-spring 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2009 1393 47.1 12.00 USA healthy 
Michalak et al. 2005 1387 63 85.00 Netherlands healthy 
Magnusson et al. 2004 8333 52.8 unknown unknown healthy 
Palinkas & Houseal 2000 2262 62.325 unknown Iceland healthy 
Hardt & 
Gerbershagen 
2000 558 22.7 33.80 Antarctica 
chronic 
pain 
Low & Feissner 1999 3382 60.88 48.86 Germany healthy 
Suhail & Cochrane 1997 316 100 27.22 UK healthy 
Hawley & Wolfe 1994 30276 76.6 55.90 USA 
rheumatic 
disease 
Harris & Dawson-
Hughes 
1993 500 100 62.00 USA healthy 
Maes et al. 1993 104 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 133 0 28.60 Antarctica healthy 
Näyhä 1986 806 0 unknown unknown healthy 
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1.1.15. Studies that compared summer-spring to summer 
Author Year N % female Mean age Country 
Patient 
status 
Grzywacz et al. 2010 1169 8.7 unknown unknown healthy 
de Craen et al. 2005 1024 63 85.00 Netherlands healthy 
Michalak et al. 2004 5337 52.8 unknown unknown healthy 
Magnusson et al. 2000 1712 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 652 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 2586 60.88 48.86 Germany 
chronic 
pain 
Suhail & Cochrane 1997 237 100 27.22 UK healthy 
Hawley & Wolfe 1994 22707 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 45 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 108 0 28.60 Antarctica healthy 
Näyhä 1986 516 0 unknown unknown healthy 
 
 
1.1.16. Studies that compared winter to the rest of the seasons 
Author Year N % female Mean age Country 
Patient 
status 
de Craen et al. 2005 1393 63 85.00 Netherlands healthy 
Michalak et al. 2004 8333 52.8 unknown unknown healthy 
Magnusson et al. 2000 2262 62.325 unknown Iceland healthy 
Palinkas & Houseal 2000 558 22.7 33.80 Antarctica healthy 
Hardt & 
Gerbershagen 
1999 3382 60.88 48.86 Germany 
chronic 
pain 
Low & Feissner 1997 2932 59.2 73.00 UK healthy 
Suhail & Cochrane 1997 316 100 27.22 UK healthy 
Hawley & Wolfe 1994 30276 76.6 55.90 USA 
rheumatic 
disease 
Maes et al. 1993 104 unknown unknown Belgium 
depressive 
disorder 
Bell & Garthwaite 1987 133 0 28.60 Antarctica healthy 
Näyhä 1986 806 0 unknown unknown healthy 
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1.2. Depression prevalence comparisons 
1.2.1. Studies that compared winter to autumn 
Author Year N % female Mean age Country 
Patient 
status 
Wood et al. 2013 141 48.20 68.70 Australia 
multiple 
sclerosis 
Sit, Seltman & 
Wisner 
2011 2042 100.00 unknown USA healthy 
Huibers et al. 2010 14478 56.10 43.70 Netherlands healthy 
Jewell et al. 2009 15499 100.00 27.00 USA healthy 
Panthangi et al. 2009 530 100.00 24.90 USA healthy 
Stordal et al. 2008 19444 51.00 48.90 Norway healthy 
Sato et al. 2006 2874 64.70 unknown Germany 
depressive 
disorder 
De Graaf et al. 2005 592 53.24 unknown Netherlands healthy 
Posternak & 
Zimmerman 
2002 894 61.50 37.70 USA 
various 
disorders 
* 
Peterlini et al. 2002 177 56.00 24.00 Brazil healthy 
Magnusson et al. 2000 533 63.59 unknown Iceland healthy 
Blacker, Thomas & 
Thompson 
1997 727 unknown unknown UK 
depressive 
disorder 
Silverstone et al. 1995 144 63.00 unknown unknown 
bipolar 
depressive 
disorder 
Näyhä, Väisänen & 
Hassi 
1994 413 0.00 43.00 Finland healthy 
Hansen, Jacobsen 
& Husby 
1991 15518 50.00 unknown Norway healthy 
* Depressive disorder, anxiety disorder, psychotic disorder, and/or drug or alcohol use 
disorder 
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1.2.2. Studies that compared winter to spring 
Author Year N % female Mean age Country 
Patient 
status 
Sit, Seltman & 
Wisner 
2011 2042 100.00 unknown USA healthy 
Huibers et al. 2010 14478 56.10 43.70 Netherlands healthy 
Jewell et al. 2009 15499 100.00 27.00 USA healthy 
Panthangi et al. 2009 530 100.00 24.90 USA healthy 
Stordal et al. 2008 19444 51.00 48.90 Norway healthy 
Sato et al. 2006 2874 64.70 unknown Germany 
depressive 
disorder 
De Graaf et al. 2005 592 53.37 unknown Netherlands healthy 
Posternak & 
Zimmerman 
2002 894 61.50 37.70 USA 
various 
disorders 
* 
Peterlini et al. 2002 177 56.00 24.00 Brazil healthy 
Magnusson et al. 2000 533 61.80 unknown Iceland healthy 
Blacker, Thomas & 
Thompson 
1997 727 unknown unknown UK 
depressive 
disorder 
Silverstone et al. 1995 144 63.00 unknown unknown 
bipolar 
depressive 
disorder 
Näyhä, Väisänen & 
Hassi 
1994 413 0.00 43.00 Finland healthy 
* Depressive disorder, anxiety disorder, psychotic disorder, and/or drug or alcohol use 
disorder 
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1.2.3. Studies that compared winter to summer 
Author Year N % female Mean age Country 
Patient 
status 
Sit, Seltman & 
Wisner 
2011 2042 100.00 unknown USA healthy 
Huibers et al. 2010 14478 56.10 43.70 Netherlands healthy 
Jewell et al. 2009 15499 100.00 27.00 USA healthy 
Panthangi et al. 2009 530 100.00 24.90 USA healthy 
Stordal et al. 2008 19444 51.00 48.90 Norway healthy 
Sato et al. 2006 2874 64.70 unknown Germany 
depressive 
disorder 
De Graaf et al. 2005 592 54.40 unknown Netherlands healthy 
Posternak & 
Zimmerman 
2002 894 61.50 37.70 USA 
various 
disorders 
* 
Peterlini et al. 2002 177 56.00 24.00 Brazil healthy 
Magnusson et al. 2000 533 59.93 unknown Iceland healthy 
Blacker, Thomas & 
Thompson 
1997 727 unknown unknown UK 
depressive 
disorder 
Murase et al. 1995 50 54.10 unknown Sweden healthy 
Silverstone et al. 1995 144 63.00 unknown unknown 
bipolar 
depressive 
disorder 
Näyhä, Väisänen & 
Hassi 
1994 413 0.00 43.00 Finland healthy 
Haggag et al. 1990 395 50.70 42.95 Norway healthy 
* Depressive disorder, anxiety disorder, psychotic disorder, and/or drug or alcohol use 
disorder 
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1.2.4. Studies that compared autumn to spring 
Author Year N % female Mean age Country 
Patient 
status 
Sit, Seltman & 
Wisner 
2011 2792 100.00 unknown USA healthy 
Huibers et al. 2010 14478 56.10 43.70 Netherlands healthy 
Jewell et al. 2009 15838 100.00 27.00 USA healthy 
Panthangi et al. 2009 530 100.00 24.90 USA healthy 
Stordal et al. 2008 18167 51.00 48.90 Norway healthy 
Sato et al. 2006 2874 64.70 unknown Germany 
depressive 
disorder 
De Graaf et al. 2005 2385 52.75 unknown Netherlands healthy 
Posternak & 
Zimmerman 
2002 688 61.50 37.70 USA 
various 
disorders 
* 
Peterlini et al. 2002 59 56.00 24.00 Brazil healthy 
Magnusson et al. 2000 585 64.71 unknown Iceland healthy 
Blacker, Thomas & 
Thompson 
1997 414 unknown unknown UK 
depressive 
disorder 
Silverstone et al. 1995 144 63.00 unknown unknown 
bipolar 
depressive 
disorder 
Näyhä, Väisänen & 
Hassi 
1994 28 0.00 43. 00 Finland healthy 
* Depressive disorder, anxiety disorder, psychotic disorder, and/or drug or alcohol use 
disorder 
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1.2.5. Studies that compared autumn to summer 
Author Year N % female Mean age Country 
Patient 
status 
Sit, Seltman & 
Wisner 
201
1 
2792 100.00 unknown USA healthy 
Huibers et al. 
201
0 
1447
8 
56.10 43.70 
Netherland
s 
healthy 
Jewell et al. 
200
9 
1583
8 
100.00 27.00 USA healthy 
Panthangi et al. 
200
9 
530 100.00 24.90 USA healthy 
Stordal et al. 
200
8 
1816
7 
51.00 48.90 Norway healthy 
Sato et al. 
200
6 
2874 64.70 unknown Germany 
depressiv
e disorder 
De Graaf et al. 
200
5 
2385 53.34 unknown 
Netherland
s 
healthy 
Posternak & 
Zimmerman 
200
2 
688 61.50 37.70 USA 
various 
disorders 
* 
Peterlini et al. 
200
2 
59 56.00 24.00 Brazil healthy 
Magnusson et al. 
200
0 
585 62.952 unknown Iceland healthy 
Blacker, Thomas & 
Thompson 
199
7 
414 unknown unknown UK 
depressiv
e disorder 
Silverstone et al. 
199
5 
144 63.000 unknown unknown 
bipolar 
depressiv
e disorder 
Näyhä, Väisänen & 
Hassi 
199
4 
28 0.000 43.000 Finland healthy 
* Depressive disorder, anxiety disorder, psychotic disorder, and/or drug or alcohol use 
disorder 
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1.2.6. Studies that compared spring to summer 
Author Year N % female Mean age Country 
Patient 
status 
Sit, Seltman & 
Wisner 
2011 2119 100.00 unknown USA healthy 
Huibers et al. 2010 14478 56.10 43.70 Netherlands healthy 
Grzywacz et al. 2010 249 8.70 unknown unknown healthy 
Jewell et al. 2009 17699 100.00 27.00 USA healthy 
Panthangi et al. 2009 530 100.00 24.90 USA healthy 
Stordal et al. 2008 12417 51.00 48.90 Norway healthy 
Sato et al. 2006 2874 64.70 unknown Germany 
depressive 
disorder 
De Graaf et al. 2005 2094 53.44 unknown Netherlands healthy 
Posternak & 
Zimmerman 
2002 826 61.50 37.70 USA 
various 
disorders 
* 
Peterlini et al. 2002 59 56.00 24.00 Brazil healthy 
Magnusson et al. 2000 576 61.21 unknown Iceland healthy 
Blacker, Thomas & 
Thompson 
1997 648 unknown unknown UK 
depressive 
disorder 
Silverstone et al. 1995 144 63.00 unknown unknown 
bipolar 
depressive 
disorder 
Näyhä, Väisänen & 
Hassi 
1994 298 0.00 43.00 Finland healthy 
* Depressive disorder, anxiety disorder, psychotic disorder, and/or drug or alcohol use 
disorder 
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2. Correlation and significance values for depression severity moderators 
2.1. Correlation between seasonal effects on depression severity and gender (percentage of 
females in a study), with ‘k’ representing the number of studies included in the 
comparison. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Comparison 
Gender 
Pearson 
correlation 
Significance (2-
tailed) 
k 
W>A 0.001 0.999 10 
W>Su 0.509 0.044 16 
W>Sp 0.555 0.121 9 
W>AW -0.009 0.981 10 
W>SS 0.592 0.093 9 
A>Su 0.773 0.015 9 
A>Sp 0.767 0.016 9 
A>SS 0.789 0.012 9 
Sp>Su -0.096 0.791 10 
Sp>SS 0.108 0.767 10 
AW>A 0.010 0.977 10 
AW>Sp 0.595 0.091 9 
AW>Su 0.653 0.057 9 
AW>SS 0.619 0.042 11 
SS>Su 0.041 0.911 10 
W>rest 0.320 0.367 10 
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2.2. Correlation between seasonal effects on depression severity and age (mean age of 
participants a study), with ‘k’ representing the number of studies included in the 
comparison. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Comparison 
Age 
Pearson 
correlation 
Significance (2-
tailed) 
k 
W>A 0.769 0.075 6 
W>Su 0.128 0.676 13 
W>Sp 0.188 0.721 6 
W>AW 0.765 0.077 6 
W>SS 0.264 0.614 6 
A>Su 0.019 0.971 6 
A>Sp 0.122 0.817 6 
A>SS 0.193 0.715 6 
Sp>Su -0.061 0.909 6 
Sp>SS 0.015 0.977 6 
AW>A 0.379 0.458 6 
AW>Sp 0.077 0.885 6 
AW>Su 0.045 0.932 6 
AW>SS 0.174 0.680 8 
SS>Su -0.037 0.944 6 
W>rest 0.528 0.224 7 
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2.3. Correlation between seasonal effects on depression severity and latitude, with ‘k’ 
representing the number of studies included in the comparison. 
Comparison 
Latitude 
Pearson 
correlation 
Significance (2-
tailed) 
k 
W>A 0.199 0.581 10 
W>Su 0.267 0.356 14 
W>Sp 0.132 0.735 9 
W>AW 0.285 0.424 10 
W>SS 0.352 0.353 9 
A>Su 0.284 0.458 9 
A>Sp 0.157 0.687 9 
A>SS 0.401 0.284 9 
Sp>Su 0.087 0.824 9 
Sp>SS 0.195 0.616 9 
AW>A -0.012 0.974 10 
AW>Sp 0.222 0.566 9 
AW>Su 0.225 0.560 9 
AW>SS 0.469 0.145 11 
SS>Su 0.203 0.600 9 
W>rest 0.088 0.808 10 
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3. Correlation and significance values for depression prevalence moderators 
 
3.1. Correlation between seasonal effects on depression prevalence and gender (percentage of 
females in a study), with ‘k’ representing the number of studies included in the 
comparison. 
 
 
 
 
 
 
 
 
 
 
 
3.2. Correlation between seasonal effects on depression prevalence and age (mean age of 
participants a study), with ‘k’ representing the number of studies included in the 
comparison. 
 
 
 
 
 
 
 
 
 
 
 
3.3. Correlation between seasonal effects on depression prevalence and latitude, with ‘k’ 
representing the number of studies included in the comparison. 
 
 
 
 
 
 
 
 
 
Comparison 
Gender 
Pearson 
correlation 
Significance (2-
tailed) 
k 
W>A -0.331 0.248 14 
W>Su -0.693 0.006 14 
W>Sp 0.175 0.586 12 
A>Sp 0.381 0.222 12 
A>Su 0.307 0.359 11 
Sp>Su -0.680 0.011 13 
Comparison 
Age 
Pearson 
correlation 
Significance (2-
tailed) 
k 
W>A 0.788 0.020 8 
W>Su 0.342 0.407 8 
W>Sp 0.539 0.212 7 
A>Sp 0.237 0.608 7 
A>Su -0.123 0.816 6 
Sp>Su 0.259 0.575 7 
Comparison 
Latitude 
Pearson 
correlation 
Significance (2-
tailed) 
k 
W>A -0.720 0.004 14 
W>Su 0.377 0.184 14 
W>Sp 0.645 0.024 12 
A>Sp 0.465 0.128 12 
A>Su 0.428 0.189 11 
Sp>Su 0.210 0.513 12 
